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This paper reports the methods used to estimate the acreage and percent coverage of the
aquatic weed Egeria densa in the Sacramento-San Joaquin Delta. This information has
been generated to support the EIR being prepared by the California Department of Boating
and Waterways and to aid any subsequent control strategies to be implemented.

DATA AND METHODS

Data and Preliminary Analyses

The estimates reported here are based on color infrared (IR) aerial photography flown on 16
September 1997 at 1:24,000 scale. When color IR film is exposed, it detects reflected
radiation in three spectral bands: green light, red light, and near IR (NIR) radiation.
Traditional wisdom (Roller, 1977; Lee and Lunetta, 1995) indicates that aquatic submergent
species are best discriminated, depending on depth, in either NIR (shallow depths) or visible
(deeper depths) data.

The flight occurred between 8:59 am and 10:38 am during a low-tide period. Figure 1
shows the relationship between the amount of reflected solar radiation and the sun angle.
The time of day for the flight was selected to be a trade-off between a low enough sun angle
to provide more reflected sunlight and a high enough sun angle to minimize shadows from
trees on the banks falling upon the water. The low-tide period was selected to optimize the
detection of Egeria in the photography.

The airphotos were scan-digitized and color separated to create 3-band digital imagery at a
nominal 2-meter spatial resolution. In other words, each picture element or pixel in the
digital imagery represents approximately a 2m x 2m area on the ground. The data structure
of the digital imagery is illustrated in Figure 2. In such a dataset, each pixel is represented
by three digital numbers or DN values.

Ground survey information has been used in interpreting the imagery. This information has
been particularly useful in determining Egeria patterns in areas affected by sun glint. To
date ground surveys indicate that other submerged aquatic plants comprise less than 5
percent of the submergent species in the Delta. Since this amount is so small and since



discriminating differences between submergent species is difficult, no attempt has been
made to adjust the estimates by removing acreage for other species.

The original plan was to geometrically correct the digital imagery to produce map accurate
data that would overlay USGS base maps. Since the flight took place on a windy day, this
task became very problematic and time-consuming. Consequently, these first estimates are
based mostly on imagery which has not been geometrically corrected.

Preliminary image analyses showed that the visibility and spectral response pattern of
Egeria vary under different conditions at the time of imaging. For example, Figures 3a and
3b illustrate the effects of turbidity on the DN values of Egeria and water. In Figure 3a, the
'typical case' in which no obvious turbidity is present, samples of Egeria and water have
similar DN values in the red and NIR bands. It is only possible to discriminate Egeria from
water in the green band. In Figure 3b, a case in which the water is turbid, Egeria may be
discriminated from water in the red and green bands. However, the DN values of Egeria in
the silty case overlap the DN values of water in the non-silty case. This condition
complicates the use of automated multispectral classification methods. Changing sun
angles, tide levels, water currents as well as turbidity affect spectral response patterns.
Consequently, mapping Egeria in the Delta by traditional multispectral classification
techniques was not practical.

Image-Processing Methods

It was determined during the preliminary analyses that Egeria is consistently darker than
adjacent water areas in the green spectral band. It was also determined that, with few
exceptions within local water areas, Egeria is the darkest subject in this band. The
exceptions are small subjects like the shadows from docks or trees falling upon the water.
A method was developed to make use of these characteristics and to map Egeria quickly.
Acreage and percent coverage were calculated by the following steps:

(1) Cutting water bodies out of the imagery: To avoid confusion with dark land
subjects, each water body corresponding to a DBW Priority Site was cut out of the
imagery and stored in a separate data file. Large sites often required several pieces
and files.

(2) Highlighting Egeria pixels by density slicing the green band: The whole color IR
image was displayed and contrast stretched to enhance the visual interpretation of
Egeria. At the same time, the green band of the cut-out water body was displayed on
a second viewer. Digital numbers or gray tones in the green band were colored to
match the pattern of Egeria in the color IR image. Since small pieces of imagery
were used, the variations due to different conditions (sun angles, turbidity, etc.) were
greatly reduced.



(3) Counting Egeria and water body pixels: All pixels in the cut-out water body were
summed. The highlighted or colored pixels in the density-sliced image were also
summed.

(4) Calculating Egeria acreage and percent coverage: Egeria acreage was calculated by
assuming each pixel is equal to 2m x 2m on the ground: Egeria acres = (# Egeria
pixels)*9.884/10000. Egeria proportions were calculated by dividing the number of
Egeria pixels by the number of water body pixels.

RESULTS TO DATE

Rough estimates of Egeria densa acreage in the Delta DBW Priority Sites are provided in
Table 1. Approximately 4000 acres of Egeria occupy the central Delta. The estimates of
Egeria proportions are provided in Table 2. In Table 1, there is a column with comments.
In this column, problems with poor imagery or other aspects of the interpretation are noted.
Seven Priority Sites are not wholly covered by the September 1997 imagery and 5 Sites are
not covered at all. This missing or partial coverage is also noted in the comments column.

The detailed data in the tables has been aggregated and mapped. Figure 4 depicts the Egeria
acreage and indicates the highest amounts occur from Antioch east in the central part of the
Delta. Figures 5 and 6 illustrate Egeria fractional coverage. These figures show that the
highest proportions also occur in the central part of the Delta.

Some additional cleanup of the estimates is possible using postclassification and GIS
techniques. The results of this processing will be reported at a later time.

ESTIMATIONS OF ERROR - IN PROGRESS

Three aspects of the image processing are being evaluated to determine the magnitude of
error produced by each:

(1) Basing areal estimates on imagery that has not been geometrically corrected:
Imagery that has not been geometrically corrected will contain distortions and size
changes due to camera geometry and aircraft attitude and altitude changes during
flight. The nominal 2-meter spatial resolution will vary from one image to another
and from side to side in the same image.

(2) Selecting 2-meter spatial resolution (2m x 2m pixels): When geometrically
corrected, imagery with 2-meter resolution will still degrade the resolving of objects.
For example, a 1m x 1m patch of Egeria may not be well detected in 2-meter data.



(3) Using a default gray-tone range during scanning: Using default settings during
scanning may be inappropriate. It may be possible to alter the scanning parameters
to produce greater radiometric definition (more gray tones) in the darker tones (the
ones that discriminate Egeria from water).

To accomplish these evaluations, 9 grid points were selected by a systematic sampling of
the flight grid, providing coverage from west to east and from north to south. Within the
airphoto at each grid point, the highest Priority Site was selected for evaluation by three
tests. Each site will be geometrically corrected, re-scanned to 1-meter spatial resolution,
and re-scanned to attempt greater radiometric definition in the darker tones. In each case,
the resultant imagery will be used to re-estimate the areal extent of Egeria. From these
measurements, the variability and magnitude of error produced by each operation will be
determined.

Two aspects of the Egeria environment at imaging are also being evaluated to determine the
magnitude of error produced by each:

(1) Depth of water above the Egeria canopy.

(2) Thickness of the Egeria canopy.

To accomplish these evaluations, two Priority Sites, White Slough and Big Break, were
selected for detailed ground surveys concurrent with new aerial surveys. Canopy thickness
and depth were measured at intervals over patches of Egeria. From these measurements, the
extent and magnitude of error due to the invisibility of the subject in the imagery will be
determined.
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